Introduction
============

After completion of the microvascular anastomosis and onset of reperfusion, the vein is filled with blood and the artery shows its typical pattern of physiological pulsation and kinking. Every microsurgeon suffers from this experience: in some cases, they find the kinking alarming, and the moving artery does not stay at the site desired by the surgeon. Moreover, the tight vein filled with venous blood calls for an outer shield. Microsurgeons have adopted many technical innovations to improve flap survival, e.g., flap design, reduced time of ischemia, post-surgical management, etc. However, at the time the anastomosis is performed, many microsurgeons are uneasy leaving the microsurgical site without sealing and covering this fragile piece of work. The Breast Center in Duesseldorf, Germany, pioneered the use of fibrin glue in supporting microvascular anastomoses. To date, the Duesseldorf team has sealed microvascular anastomoses in over 1,500 free DIEP flaps \[[@R1]\], \[[@R2]\], \[[@R3]\], \[[@R4]\]. The fibrin glue plug is one major factor contributing to a very low complication rate and flap losses of less than 1% \[[@R4]\]. The use of a fibrin sealant which softly encases microvessels without constricting their physiological movements seems to be one key step in the optimal outcome of transplanted tissues. Fibrin sealants are approved as medical products and are commonly used in many surgical fields, such as endoscopic visceral surgery \[[@R5]\], skin grafts \[[@R6]\], and breast surgery \[[@R7]\], \[[@R8]\]; however there are about no levels of evidence supporting its use \[[@R9]\]. Thus, the purpose of this paper is to present a summary of our experience in using fibrin glue as a technical adjunct in a wide variety of microvascular surgery and nerve repair, with a focus on limb reconstruction.

Patients and methods
====================

In a working period of 18 months over a period of 4 years (2008--2012), all microvascular cases in which fibrin glue was used were recorded. These operations were all performed or supervised by a single surgeon (SL). Data were retrospectively analyzed and ethics committee approval from the University of Leipzig (*AZ 335-13-1811, November 26^th^2013*) was obtained. One hundred thirty-one patients (76 male, 55 female) were treated mainly for trauma (53%), infection (27%) and oncological problems (22%). Patient characteristics are shown in Table 1 [(Tab. 1)](#T1){ref-type="fig"}.

Technique
=========

Our standardized protocol for microsurgical procedures was followed. After the onset of reperfusion, arteries and veins were checked for leakage, and if present, additional suturing was performed. The flap was checked for capillary refill and Doppler signals of the pedicle or perforator were recorded. While still under the surgical microscope, the surgeon set the pedicle in place using micro-pickup forceps.

Two syringes, containing thrombin and fibrinogen, were joined together within the dual application syringe (Figure 1 [(Fig. 1)](#F1){ref-type="fig"}). Then the assistant surgeon applied the first 0.5 ml of fibrin glue from the application syringe (Tissuecol, Baxter, Vienna, Austria). An average of 1.1 ml of fibrin glue was used in 253 applications in 131 individual patients. The fibrin glue was not applied drop-wise onto the pedicle, but instead the pedicle's bed was filled from the bottom up until the vessels were completely enveloped within the fibrin clot. Prior to its application, all bleeding, e.g., from the surrounding fat, was stopped. The fibrin glue was applied and the pedicle's fat pads were placed onto the pedicle for additional protection (Figure 1 [(Fig. 1)](#F1){ref-type="fig"}). Upon completion of these steps, the anastomosis was definitive and the microscope was moved aside.

Results
=======

Fibrin glue was used in a wide spectrum of microvascular surgery. End-to-end as well as end-to-side microvascular anastomoses profit from stabilization in terms of less movement with fibrin glue.

No adverse effects were observed during the application (e.g., vasoconstriction of vessels, adverse reaction of surrounded tissues). Moreover, in the rare cases (1%) in which the fibrin glue needed to be removed -- redo of leaky anastomoses for instance, no adverse reactions were found. During fibrin glue application by the assistant surgeon, the surgeon is able to definitively position the structures, but after some seconds, the clot is final. However, in a rare cases of anastomotic revision the fibrin clot can easily be removed without any damage to the vessels. This was the case in some emergencies where the surgeon on duty (not familiar with the case) started revision and the operator was called into the OR. Thus, the fibrin clot protects the microvessels from fluid suction and makes the relevant site evident to the surgeon.

The flap survival rate was good. There were 4 cases of flap failure in peripheral arterial vascular disease patients who had undergone lower limb reconstruction.

Case report
-----------

A traumatic ulnar wrist injury needed coverage and neural repair. We decided to use a flow-through ALT flap for reconstruction of a 10 cm-section of nerve, accessory artery and vein. After harvesting the flap, the sural nerve transplant was easily positioned next to the vessels and fixed with glue; no sutures were used. In this way, all structures remain stable during rapid microsurgery (Figure 2 [(Fig. 2)](#F2){ref-type="fig"}).

Discussion
==========

Today, microsurgical reconstruction has become a valuable, standard operation in our treatment repertoire, and patients requiring or demanding such surgery expect it to be of the highest quality. Thus, surgeons and microsurgeons in particular are always searching for the optimal microsurgical technique to improve daily surgery. In this context, all adjuvant materials and methods that help to achieve optimal results are welcome; for instance, improvements in flap design, surgical instruments, heparin management, as well as anesthesia have furthered this goal.

After performing the anastomoses of a flap harvested under the best possible conditions and surgeon's expertise, each individual flap demands optimal follow-up treatment after reperfusion has commenced. Because the consequences of a lost flap are devastating, surgeons continually search for additional adjuvants to improve outcome.

Fibrin glue is widely used in many applications in all surgical fields. Usually, tissue surfaces are the targeted area of application, since fibrin glue reduces hemorrhaging \[[@R10]\], \[[@R11]\] and seroma formation \[[@R12]\], \[[@R13]\]. The use of fibrin glue in facial surgery showed reduction of drainage volume and edema, and thus increased patient satisfaction. It works by reducing a tissue's dead space, lowering subcutaneous tissue layers in these cases. The use of fibrin glue reduces the numbers of drains placed into surgical wounds as well as their total number of days in situ \[[@R14]\], \[[@R15]\].

In spleen and liver surgery, fibrin glue helps to manage hemorrhaging from a parenchymal organ. However, in microvasular surgery, it is not used to staunch bleeding. An insufficient anastomosis should not be covered with fibrin glue; rather, microsurgery should be redone. However, experimental data showed that by use of fibrin glue, an only four-suture anastomosis was sufficient for flap reperfusion \[[@R16]\]. The best time to seal anastomoses is once reperfusion is in progress and outflow drainage is sufficient.

In breast reconstruction, fibrin glue is routinely used. It helped to reduce flap losses to less than 1% at one center with over 1,500 DIEP flaps \[[@R1]\], \[[@R2]\]. This excellent result is associated with stabilization of the pedicle during the shaping of the breast and its intermittent motion into and out of the breast's pocket. Thus, the use of fibrin sealing has become an indispensible part of the standard protocol of many breast reconstruction centers. In the rare case that after being fully informed about the risks and benefits of the surgical procedure (informed consent process) a patient nevertheless refuses application of a product derived from human blood, she will not be operated on by this team.

In microvascular surgery other than breast, the use of fibrin glue provides several advantages. Through its stabilization of the outer vessels walls, the fibrin sealant keeps the vessels from kinking and obviates pressure from hematomas or seromas or, a very important issue in limb reconstruction, from the flaps weight per se.

The fibrin clot shows the surgeon the site of anastomosis, should problems occur and revision surgery be necessary, which is particularly useful when a surgeon unfamiliar with the case is on call. The guidepost of a fibrin clot helps in our own revision surgery and allows the surgeon to reach the site of the microvascular problem much more quickly and finally save some of the flaps. Once the site of the anastomosis is found, the fibrin clot can easiy be removed by pickup forceps and suctioned off. If the problem is other than the anastomosis, then the problem is solved and the flap is placed back into position. Another advantage is protecting the fragile pedicle from disturbance by a plastic drain; we have observed flap losses due to pedicle torsion after removing a drain.

There are other methods to protect a vascular pedicle, e.g., placing adipose tissue fragments or muscle beside it \[[@R17]\]. This technique of cushioning tissues can be very efficaciously combined with the use of fibrin glue. Fibrin glue is an excellent tool for filling deep spaces, e.g., at the site of the internal mammaria artery (IMA) or tibial posterior artery anastomoses. As microsurgeons know from breast reconstruction using the IMA, placing the microvessels along a rib is often necessary. To prevent the rib from disturbing the IMA as well as, fibrin glue is used as a distance-maintaining cushion.

Conclusions
===========

Since compression and kinking of vascular pedicles are associated with disturbed inflow and/or outflow, some surgeons advocate the local application of fibrin glue once the anastomosis is completed, even though fibrin glue is of course not seen as an alternative to sufficient suturing \[[@R18]\]. However, fibrin glue seals small holes within the vessel wall and gives the pedicle some rigidity and adherence to the adjacent tissues, protecting it from shear stress-induced movements while tailoring the flap during its placement or during patients' movement.

The use of fibrin glue for the stabilization of anastomosed vessels as well as the covering of veins or venous transplants has an important influence on the outcome of microsurgical work \[[@R19]\]. Especially fragile veins profit from coverage with a thin, maleaable and soft material. Fibrin glue may be used as a standard procedure in all kinds of vessel or nerve-based microsurgery, since it provides the optimal feature of controlling microanastomoses.

Notes
=====
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